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ABSTRACT
Human oral sebaceous glands, known as Fordyce's areas, were examined with the
electron microscope. These ectopic holocrine glands consisted of cells in progressive stages
of differentiation. The cells in the periphery of each acinus, adjacent to the basement
membrane, contained a prominent nucleus surrounded by a small volume of cytoplasm,
resembling basal epidermal cells in appearance. Dcsmosomes and large intercellular spaces
were present.
Cells further removed from the basement membrane, closer to the center of the acinus,
exhibited a marked increase in volume of the cytoplasm, and, at the same time, a network
of smooth endoplasmic reticulum. At this stage lipid droplets first appeared. The simul-
taneous appearance of abundant smooth endoplasmic reticulum and the developing lipid
droplets strongly implicated the smooth endoplasmic reticulum in the synthesis of sebum.
Desmosomes were also seen between these cells, but the plasma membranes of adjacent
cells were now in close proximity with narrow intercellular spaces.
In the center of the gland, tight junctions were frequently present. Here the cells were
almost completely filled with large lipid droplets; consequently the organelles were
crowded together and became increasingly darker staining and indistinct. Final degenera-
tive changes of the cells, occurring near the duct of the gland, consisted of nuclear pycnosis
and the breakdown of the cytoplasmic organelles.
It has been known for over a hundred years
that the normal oral mucous membranes of
many individuals exhibit sebaceous appendages
histologically similar (Fig. 1) to those of the
hair-associated glands of the epidermis. Obser-
vations on the fine structure of these ectopic
glands have not been reported thus far, al-
though various aspects of the normal human
oral cavity lining have been studied at the
electron microscopic level both in our labora-
tory and elsewhere (1—10). Consequently, the
present investigation was directed towards
gathering information on their fine structure
and function. Early in the study it became
apparent that these oral glands were indeed
active sebum producing elements, demonstrat-
ing ultrastructural features generally similar
to sebaceous glands of the skin described pre-
viously (11—18). An excellent review of the
literature on sebaceous glands and the chemis-
try of sebum has been presented by Strauss and
Pochi (19). Our observations provide specific
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information on the oral mucous membrane
but also contribute to the knowledge of se-
baceous glands in general.
The oral sebaceous glands, commonly known
as Fordyce's areas because of their descrip-
tion in 1896 by James Fordyce (20), are most
often found in the buccal mucosa, where they
are readily visible to the naked eye. However,
they have also been noted in other areas, in-
cluding the gingiva, tongue, and hard and soft
palates. Very few Fordyce's areas are present
from birth through the period of puberty;
after puberty, however, they begin to increase
in number (21).
Margolies and Weidmann (22) found some
Fordyce's areas in 75% of an adult population
ranging from 30 to 75 years of age; Halter
(23) reported that 70% of a mixed popula-
tion had some Fordyce's areas at age 30. There
appear to be no differences in either the oc-
currence or distribution between the sexes
(21).
MATERIALS AND METHODS
Specimens of buccal mucosa, approximately
three mm. square, containing a few Fordyce's
areas were removed from four male subjects, age
22 to 26, following the injection of a minimal
amount of local anesthetic into the underlying
tissue. The materal was immediately subdivided
and portions were treated according to the follow-
ing three techniques:
tt 
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1. Prefixation in 4% glutaraldehyde in caco-
dylate buffer (24), followed by rinsing in cold
buffer overnight, and post-fixation in cold 1% os-
mium in Millonig's phosphate buffer (25) for two
hours.
2. Prefixation in formaldehyde-glutaraldehyde
fixative (26) for 30 minutes, followed by rinsing
in cold buffer overnight, and post-fixation in 1%
osmium in phosphate buffer (25) for two hours.
3. Prefixation in formaldehyde-glutaraldehyde
for 30 minutes (26) rinsing in cold buffer over-
night, and post-fixation in cold 1% osmium in
collidine buffer (27) for 45 minutes.
In all cases, the material was then rapidly de-
hydrated with increasing concentrations of ethanol
at 4°C, brought to room temperature, infiltrated
with propylene oxide and embedded in Epon (28).
Ijitrathin sections were cut on a Sorvall Porter-
Blum microtome, double stained with uranyl ace-
tate in 50% ethanol and lead citrate (29) and
examined with an RCA EMIl 3G electron micro-
scope.
Another small specimen was taken from one of
the subjects for routine histological examination
(Fig. 1).
RESULTS
endoplasmic reticulum. The preponderance of
free ribosomes throughout the cytoplasm was
one of the most striking features of the periph-
eral cell. Numerous mitochondria of fairly
uniform size and shape were randomly distrib-
uted and tonofilaments were routinely seen.
Except for those instances in which they were
associated with desmosornes, the tonofilaments
were generally oriented parallel to the border
of the gland. No secretory granules or smooth
endoplasmic reticulum were present in the
peripheral cells. Moderately sized glycogen de-
posits were occasionally seen (Fig. 2).
Intermediate Zone (II)
The cytoplasm of the cells in the more
centrally located portion of the sebaceous
gland (Figs. 5, 6, 7, 8) occupied a much
larger percentage of the cell volume. An inter-
The glands of the buccal mucosa consisted
of cells in various phases of a progressive
development, culminating in the duct of the
gland. For ease of description, the maturation
of the cells can be divided into three stages
which generally coincide with (I) the anatomic
periphery (II), the intermediate area, and
(III) the central and ductal area of the gland
(Fig. 1).
Peripheral Zone (I)
The peripheral zone, varying in thickness
from one to four cells, was surrounded by a
basement lamina, along which both hemidesrno-
somes and anchoring fibrils were visible (Figs.
2, 3, 4). Vesicular invaginations from the
plasma membrane of the basal cells resem-
bling pinocytotic vesicles were present (Fig. 3,
arrows).
The nuclei of the peripheral cells, containing
one or two nucleoli and fine, lacy chromatin,
occupied a major portion of the volume of
the cells (Figs. 2, 3). The cytoplasm was, in
fact, often confined to a thin region around the
nucleus. The juxtanuclear Golgi apparatus,
consisting of flattened cisternae and small
vesicles, was of moderate size. Scattered
throughout the cytoplasm were numerous ribo-
somes occurring either singly, in clusters of
five or six, or associated with the sparse rough
Fis. 1. A light micrograph of hematoxylin and
eosin-stained buccal tissue showing a typical For-
dyce's area in the submucosa. A portion of the
duct (D) leading from the two acinar units (A)
to the surface of the oral epithelium (OR) is seen
in oblique slction. Note the smaller acinar cells
in the peripheral zone (I), the larger cells in the
intermediate zone (II), and the indistinct cells
in the central zone (III). X 330.
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FIG. 2. An electron micrograph showing the periphery of a Fordyce's area and the
underlying connective tissue (CT). The cells adjacent to the basement membrane have a
large nuclear-to-cytoplasmic ratio. Numerous microvillous projections extend into the
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connecting system of smooth membranes was
widespread throughout the cytoplasm and a
Golgi apparatus consisting of typical parallel
cisternae and small vesicles was again ob-
served in a juxtanuclear region (Figs. 7, 8).
The cells contained lipid droplets which were
of various sizes and appeared to lack a distinct
limiting membrane (Figs. 5, 6, 7). The mito-
chondria in this intermediate zone were mar-
phologically much more heterogeneous, many
being longer, wider and more irregular in
shape than the smaller and more uniform rod-
shaped mitochondria of the peripheral cells.
Mierotubules were present in the cytoplasm
but no specific orientation was noted. Tonifila-
ments were much less conspicuous as compared
to the more peripheral cells, while glycogen was
still present in moderate quantities.
As the anatomic center of the gland was
approached, the lipid droplets became much
larger; the cytoplasm increased in density with
its components crowded together between the
lipid inclusions, the latter occupying almost the
entire volume of the cell. The smooth-surfaced
membranes and other organdies were darker
staining.
The only pertinent difference related to the
types of fixation was that droplets which were
post-fixed with OsO in phosphate buffer ap-
peared translucent (Figs. 2, 11) while the
droplets from the tissues post-fixed in 0s04 in
collidine buffer were more electron dense (Figs.
5, 6, 7).
Centra2 Zone (III)
The appearance of the cells in the anatomic
center of the gland and within the duct dif-
fered markedly from the other cells described
above. The nuclei of these cells were pycnotic,
as evidenced by smaller size, polygonal shapes,
and appeared as a uniformly dark-staining
chromatin (Fig. 12). The cytoplasm of these
central cells was electron dense and there were
no longer any organdies of a readily recog-
nizable form. Lipid droplets took on a more
irregular shape and filled nearly the entire
volume of the cell. Slit-like areas of low elec-
tron density were scattered among the dark-
staining matrix elements. The only components
of the cells at the center of the gland that
appeared to have maintained their morpho-
logical integrity were the plasma membranes,
which, in some locations were fused to form
tight junctions (see below).
Junctional Complexes
Large intercellular spaces were found in the
peripheral part of the gland. The plasma
membranes of the cells in this region had
numerous microvillous projections into the in-
tercellular spaces, and many desmosomal con-
nections (Figs. 2, 3). The plasma membranes
of the cells in the intermediate zone were less
tortuous and convoluted, and the intercellular
spaces were smaller in width than in the
periphery. Microvillous projections into the in-
tercellular spaces in this zone were encoun-
tered infrequently. Tight junctions were
commonly present between adjacent cells of
the central zone (Figs. 9, 10).
DISCUSSION
Fordyce's areas represent readily accessible
material for the examination of holocrine se-
cretion in the human. The small wounds re-
sulting from biopsies of the cheek mucosa heal
rapidly with a minimum of discomfort. Buccal
mucosa containing Fordyce's areas may also be
obtained in conjunction with various types of
oral surgical procedures. Each acinus of a gland
has one to four layers of peripheral cells
which, in the course of differentiation and
death, migrate centrally and are finally ex-
truded through the duct. These cells exhibit
distinct morphological changes concomitant
with their migration.
Peripheral cells resemble basal epithelial
cells of non-glandular areas of the oral mucosa.
intercellular spaces. As the cells mature, migrating toward the center of the gland and in-
creasing in volume, lipid inclusion (L) appear in the cytoplasm. (g), glycogen. X 5,000.
Fio. 3. High magnification of the periphery of the gland showing a portion of a basal
cell, the basement lamina (bi), and collagen iIbrils in the connective tissue. Pinocytotic
vesicles (arrows) seem to be forming in association with the plasma membrane in this
region. The cytoplasm of the peripheral cell contains numerous free ribosomes (r), mito-
chondria (m), tonofilaments (t) and a Golgi region (G). Note the desmosomal attachment(D) in the upper left and a hemidesmosome (H) in the lower left. >< 12,000.
Fxo. 4. A higher magnification of the gland periphery reveals a distinct basement lemma(bl) and several hemidesmosomes (H). In addition to collagen fibrils in cross-section (C),
some anchoring fibrils (a) are seen below the basement lamina. X 52,000.
Fio. 5. The cells comprising the major portion of the gland contain numerous lipid
inclusions (L), mitochondria, and an extensive network of smooth-surfaced membranes
and vesicles. X 18,000.
Fie. 6. In contrast to the relationship of the peripheral cells shown in Figures 2 and 3,
the adjacent membranes of these two more centrally located cells interdigitate with only
a narrow intercellular space. The lipid droplets (L) of both cells appear not to be mem-
brane bound, but rather, are bordered by elements of the membrane system. The lower
cell is in a more advanced stage of differentiation with denser cytoplasmic ground sub-
stance. X 26,000.
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Fie. 7. The smooth surface membrane system of the lipid-containing cells consists of
round vesicles (v) and irregular shaped cisternae (c), as viewed at high magnification. In
one area, coated vesicles (arrows) are seen in close association with the smooth-surfaced
membranes. (L), lipid droplet. X 42,000.
FIG. 8. An active juxtanuclear Golgi area consisting of flattened cisternac and small
vesicles, suggesting an active participation in the lipid droplet formation. X 36,000.
Fros. 9 and 10. Illustrations of tight junctions as found between differentiated cells in
the center of the gland. X 60,000 and X 70,000.
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FIGS. 11 and 12. Fully differentiated sebaceous cells in the duct of the gland contain
many large lipid droplets (L). A pycnotic nucleus (N) is shown, but other subcellular
organelles in these degenerating cells are difficult to recognize. (EP), duct epithelium.
X 10,000 and X 8,000.
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ULTRASTRUCTURE OF ORAL SEBACEOUS GLANDS 215
They have a large nuclear-cytoplasmic ratio,
a moderately sized juxtanuclear Golgi region,
mitochondria, numerous ribosomes, some rough
endoplasmic reticulum, and tonofilaments. No
smooth endoplasmic reticulum or lipid drop-
lets are present. Between peripheral cells there
occur large intercellular spaces and frequent
desmosomes.
As the cells differentiate and move towards
the center of the gland, they increase in cyto-
p'asmic volume, while the intercellular spaces
decrease. At the same time, a network of
smooth endoplasmic reticulum and vesicles is
seen throughout the cytoplasm, encircling in-
clusions which presumably contain lipid. Palay
(12) was the first to use the term "agranular
reticulum" to refer to the smooth-surfaced
membrane component of the cytoplasm. He
believed that the lipid droplets were contained
by limiting membranes which were continuous
with the smooth endoplasmic reticulum. Prior
investigators had proposed the idea that the
sebum might arise in the mitochondria (11).
Although mitochondria are seen in close proxim-
ity to the lipid droplets throughout the syn-
thetic process, there is no evidence to suggest
that they are directly involved in the syn-
thetic process except as an energy source.
Other workers thought that the sebum arose
directly from the cytoplasm with no specific
subcellular organelle being implicated (13).
Kurosumi (30) stated that the smooth-surfaced
membranes are in all likelihood not involved
in the synthesis of sebum. He, however, pro-
posed no alternatives.
We observed an active juxtanuclear Golgi
apparatus of moderate size in cells in various
stages of synthesis (Figs. 7, 8). In this vicinity
were abundant vesicles which might represent
early stages in the formation of the lipid in-
clusions. The Golgi apparatus has been de-
scribed as the earliest site of lipid formation
(14, 16, 17), and a recent report (18) on skin
sebaceous glands emphasizes the role of the
Golgi in synthesis of lytie enzymes which are
involved in the degeneration of the cells. How-
ever, the results of Palay (12) and those of the
present study seem to indicate the importance
of smooth endoplasmic reticulum in lipid syn-
thesis, based on the simultaneous appearance
of the network of smooth membranes and
the lipid droplets. It is likely that the Golgi
apparatus functions in concentrating the syn-
thesized material into lipid droplets.
As differentiation proceeds the lipid droplets
continue to grow in number and expand in
volume by fusion of adjacent droplets. When
the cells approach the anatomic center of the
gland their cytoplasm becomes almost com-
pletely filled with large lipid droplets which
do not appear to be membrane bound. They do
not have the lining of fibrils as observed in
developing adipose tissue (31), but lie directly
within the cytoplasm (Figs. 5, 6).
In the present study, the initial degenerative
changes first become visible while the cells
are still actively synthesizing sebum. These
changes consist of increased uptake of stain and
also of crowding of the cellular organelles, pre-
sumably due to the increased volume of lipid
droplets. As differentiation proceeds near the
center of the gland. the lipid droplets assume
irregular shapes, while the organdies become
progressively more obscure and the nucleus
undergoes pycnosis. As these degenerative
changes occur, tight junctions are seen between
the cells instead of desmosomes. These tight
junctions appear to maintain their morpho-
logic integrity after the organelles and intra-
cellular membranes have evidenced deteriora-
tion. In any case, the final stage in the life
process of the cell involves total autolysis at
the time of its extrusion from the gland.
REFERENCES
1. Sognnaes, H. F. and Albright, J. T.: Electron
microscopy of the epithelial lining of the
human oral mucosa. Oral Surg., Oral Med.,
Oral Path., 11: 662, 1958.
2. Fosoke, E. and Themann, H.: IJber das Dee-
kepithel der menschlichen Mundschleimhaut.
Light- und electronenmikroskopische Tinter-
suchungen. Z. Zellforseh., 49: 447, 1959.3. Aibright, J. T.: Electron microscope studies
of keratinization as observed in gingiva and
cheek mucosa. Ann. New York Acad. Sn.,
85: 351, 1960.
4. Kurahashi, Y. and Takuma, S.: Electron mi-
croscopy of human gingival epithelium. Bull.
Tokyo Dent. Coil., 3: 24, 1962.5. Zelickson, A. S. and Hartmann, J. F.: An
electron microscope study of normal human
non-keratinizing oral mucosa. J. Invest.
Derm., 38: 99, 1962.
6. Listgarten, M. A.: The ultrastructure of human
gingival epithehum. Amer. J. Anat., 114: 49,
1964.
7. Frithiof, L. and Wersall, 3.: A highly ordered
structure in keratinizing human oral epithe-
hum. J. IJitrastruct. Res., 12: 371, 1965.8. Meicher, A. H.: The nature of the "basement
216 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
membrane" in human gingiva. Arch. Oral
Biol., 10: 782, 1965.
9. Stern, I. B.: Electron microscopic observations
of oral epitheliurn. Periodontics, 3: 224, 1965.
10. Hashimoto, K., DiBella, R. J. and Shklar, G.:
Electronmicroscopic studies of the normal
human buccal epithehum. J. Invest. Derm.,
47: 512, 1966.
11. Rogers, G. E.: Electron microscope observa-
tions on the structure of sebaceous glands.
Exp. Cell Res., 13: 517, 1957.
12. Palay, S. L.: The morphology of secretion,
p. 305, Frontiers of Cytology, Ed., Palay,
S. L., Yale Univ. Press, New Haven, 1958.
13. Charles, A.: Electron microscopic observations
of the human sebaceous gland. J. Invest.
Derm., 35: 31, 1960.
14. Hibbs, R. G.: Electron microscopy of human
axillary sebaceous glands. J. Invest. Derm.,
38: 329, 1962.
15. Parakkal, P. F. and Matoltsy, A. B.: The fine
structure of the lipid droplets in the Meibo-
mian glands of the mouse. J. IJitrastruct.
Res., 10: 417, 1964.
16. Ellis, R. A. and Henrikson, R. C.: Ultrastruc-
ture of the sebaceous glands in man, p. 94,
Advances in Biology of Skin, Vol. 4. Eds.,
Montagna, W., Ellis, R. A., and Silver, A. F.,
Pergamon Press, New York, 1963.
17. Ellis, R. A.: Eccrine, sebaceous. and apocrine
glands, p. 132, Ultrastrucure of Normal and
Abnormal Skin. Ed., Zelickson, A. S., Lea
and Febiger, Philadelphia, 1967.
18. Rowden, G.: Aryl sulfatase in the sebaceous
glands of mouse skin. J. Invest. Derm., 51:
41, 1968.19. Strauss, J. S. and Pochi, P. E.: Histology,
histochemistry and electron microscopy of
sebaceous glands in man, p. 184, Handbuch
der Haut- und Geschlechtskrankheiten, Vol.
I, Part 1. Eds., Gans. 0. and Steigleder,
G. K., Springer-Verlag, Berlin, 1968.
20. Fordyce, J. A.: A peculiar affection of the
mucous membrane of the lips and oral
cavity. J. Cutaneous Disease, 14: 413, 1896.
21. Miles, A. E. W.: Sebaceous glands in the lip
and cheek mucosa of man. Brit. Dent. 5.,
105: 235, 1958.
22. Margolies, A. and Weidmann, F.: Statistical
and histologic studies of Fordyce's disease.
Arch. Derm. Syph. (Chicago), 3: 723, 1921.
23. Halter, K.: Zur Kenntis des Fordyceschen
Zustandes und seiner Bedeutung für die
Klkrung der Localizationsfrage von Haut-
krankheiten in der Mundhöhle. Arch. Derm.
Syph. (Berlin), 176: 201, 1937.
24. Sabatini, D. D., Bensch, K. and Barnett, H. J.:
The preservation of cellular ultrastructure
and enzymatic activity by aldehyde fixation.
J. Cell Biol., 17: 19, 1963.
25. Millonig, G. J.: Advantages of a phosphate
buffer for 0504 solutions in fixation. J. Appl.
Physics, 32: 1637, 1961.
26. Karnovsky, M. J.: A formaldehyde-glutaral-
dehyde fixative of high osmolality for use in
electron microscopy. J. Cell Biol., 27: 49A,
1965.
27. Bennet, H. S. and Luft, 3. H.: S-collidine as a
basis for buffering fixatives. J. Biophys. Bio-
chem. Cytol., 6: 113, 1959.
28. Luft, J. H.: Improvements in epoxy resin
embedding methods. J. Biophys. Biochem.
Cytol., 9: 409, 1961.
29. Venable, J. and Coggeshall, R.: A simplified
lead citrate stain for use in electron mi-
croscopy. J. Cell Biol., 25: 407, 1965.
30. Kurosumi, K.: Electron microscope analysis
of the secretion mechanism. Internat. Rev.
Cytol.11: 1, 1961.
31. Woods, E. M.: An ordered complex of fila-
ments surrounding the lipid droplets in de-
veloping adipose tissue. Anat. Rec., 157: 437,
1987.
